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We characterize a new Lepidopteran transposon associated with FP mutations of baculoviruses. This transposon, desig-
nated hitchhiker, is 579 bp long with 39-bp imperfect inverted terminal repeats. hitchhiker inserts with extreme specificity
for a single trinucleotide target site, TTA, within the 25K gene. This transposon is the most frequently identified insertion
in serial passage baculovirus mutants isolated from TN-368 cells. q 1996 Academic Press, Inc.
Several Lepidopteran transposons have been identi- mutants were initially characterized by digestion with the
fied as insertions within the baculovirus genome follow- restriction endonuclease HindIII, and six of these mu-
ing serial passage of the virus in insect cell lines (1–7). tants exhibited an estimated 505-bp insertion within the
These transposons are isolated within a region of the HindIII-J fragment (9).
virus genome associated with the FP (few polyhedral For the present study virus was amplified in T75 cul-
occlusion bodies) plaque morphology (4, 5, 7–11). Many tures of IPLB-SF21 AE cells (16). DNA was prepared from
of the transposon insertions from cell culture passage extracellular budded virus (ECV) as described (9). A total
mutants of baculovirus are class II transposons (12) that of 2 mg of the isolated ECV DNA was digested with Hin-
target and duplicate TTAA sequences at the site of inser- dIII (Promega) and analyzed by electrophoresis in 0.75%
tion (1, 2, 4, 8, 11, 13, 14 ). agarose gels.
Our model system for analyzing transposon-mediated Since the HindIII-J region contained the insertions, and
mutagenesis of baculoviruses has been the Autographa since the correlation with the FP mutant phenotype and
californica or Galleria mellonella nuclear polyhedrosis the 25K gene had been firmly established (5, 11, 15), we
virus (AcMNPV or GmMNPV) serially passaged in the presumed that the insertions would be within the 25K
Trichoplusia ni TN-368 cell line. Previous reports have gene. The 25K gene region of each of these mutants was
identified and characterized representative insertions of PCR amplified using the primers 25Krev3 and 25Krev4,
TTAA specific transposons within the 25K gene of both from positions 322 to 1207 as numbered by Wang et al.
viruses and demonstrated that these insertions led to (11) (Fig. 1). The resulting 1400-bp fragment contained
the FP phenotype (1, 3–8, 14, 15). In this report we pre- 900 bp of the 25K gene and 500 bp of the inserted DNA
sent the isolation and characterization of a small TTA and was TA cloned into pCRII (Invitrogen).
specific transposable element, hitchhiker, that occurs re- We sequenced each of the six PCR-amplified FP mu-
peatedly at the FP locus upon short-term serial passage tant 25K gene regions by the dideoxy method of Sanger
of the baculovirus GmMNPV in TN-368 cells. et al. (17 ) using the Sequenase 2.0 kit (USB/Amersham)
In a previous screen for FP mutants (9) 75 separate
and synthetic oligonucleotide primers (see sequencing
lineages of the GmMNPV-C3 isolate (5) were serially pas-
strategy, Fig. 1). The hitchhiker insertion was located at
saged five times through TN-368 cells. Each lineage was
position 718 of the 25K gene and truncated the 25K pro-
maintained separately on a 24-well microtiter plate.
tein at amino acid 78 (Figs. 2A and 2C).
Plaques exhibiting the FP phenotype were purified from
Three base pairs, TTA, present only once at that site inthe fifth passage in each lineage through three succes-
the uninterrupted 25K gene, were duplicated upon insertion.sive picks and amplified for analysis. A total of 46 FP
Remarkably, all six of the sequenced insertions occurred
at the same position and in the same orientation with re-
spect to the 25K gene (Fig. 2A). The insertion (Fig. 2B) was1 To whom correspondence and reprint requests should be ad-
dressed. Fax: (219) 631-7413. E-mail: malcolm.j.fraser.1@nd.edu. 579 bp long and included 39-bp imperfect inverted repeats
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and duplication of the TTA target site and starts at posi-
tion 719 of the 25K gene. We mapped the 5* end of
late expressed RNA transcripts to show that the late
promoter generated at the insertion site is not active,
but that the internal promoter does apparently generate
a transcript at 48 hr in cells infected with the mutant
virus. However, we feel the putative peptide predicted
by the transcribed region is too small to be significant
in transposition of hitchhiker. It is unlikely that the tran-
script plays any role in generating the FP phenotype
since a single interruption of the gene is sufficient to
induce the mutation (5).
The lack of consensus eukaryotic promoter sequences
upstream of the ORFs led us to conclude that this ele-
ment is not likely to be transcriptionaly active. There were
no sequences in the element that would indicate a Cap
FIG. 1. Map of the GmMNPV 25K gene region showing the insertion
of hitchhiker. The position and direction of the primers used for PCR,
cloning, and sequencing are indicated. The sequences of the primers
are presented at the bottom of the figure. The annealing positions at
the 5* end of the primers that are specific to the 25K region, 25Krev3,
25Krev4, P7, and P9 are listed.
that terminate with 5* GGGCCC. . .GGGCCC 3*. The right
terminal inverted repeat differed from the left repeat, having
one additional C at position 565. One of the clones, 16E1,
differed from the others by replacement of a T at position
86 with a C. This alteration was probably the result of an
error by the Taq polymerase.
Two open reading frames were present within the ele-
ment that could be translated into peptides of 77 amino
acids and 58 amino acids (Figs. 2C and 2D). Translation
of these putative peptides was in the opposite direction
of the 25K ORF.
ORF1 started within the 25K gene at position 842, with
the first start codon at position 535 within the element,
adjacent to the right terminal repeat. ORF1 terminates at
position 362 of hitchhiker (Fig. 2C). ORF2 was contained
entirely within hitchhiker and extended from positions
491 to 153, with the start codon at position 383 (Fig.
2C). The two ORFs overlaped by 129 base pairs and an
insertion of 1 bp in this region would result in a contigu-
ous ORF encoding a 128-amino-acid peptide. The puta- FIG. 2. Sequence of the hitchhiker insertion and its target site within
tive peptides encoded by ORF1 and ORF2 in hitchhiker the 25K gene. Panel A shows the region of the 25K gene surrounding
the insertion site. The TTA target site is underlined, showing wheredo not bear any significant similarity to other proteins in
hitchhiker interrupts the 25K ORF. The sequence of the hitchhiker ele-the GenBank database.
ment is shown in panel B. The duplicated TTA target site is shownTwo putative late baculovirus promoters in hitchhiker
underlined at the ends of the transposon sequence. Arrows indicate
were investigated to determine if transcription was initi- the extent and relative direction of the right and left terminal inverted
ated from these promoters in the baculovirus mutants. repeats. The right terminal repeat has an additional C at position 565
(underlined). The position of a single base discrepancy in clone 16E1,Both late promoters would direct transcription from the
containing a C at position 86, is underlined. Bases in hitchhiker arebottom DNA strand and in the opposite direction of the
numbered from the left end, and 25K is numbered according to the25K gene transcription. The first promoter sequence,
wild-type sequence. Panel C shows the open reading frames in hitch-
GTAAG, at position 332 in hitchhiker does appear to hiker and 25K. The start codons are indicated by ∗. Panel D shows the
be transcriptionaly active. The second late promoter, amino acid sequences of the ORFs. Each entire ORF is shown and the
first methionine is indicated by ∗.TTAAG, is generated by the insertion of the element
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and/or the host cell. We continue to investigate the possi-
bility that a longer element exists that contains additional
DNA in a region not amplified by primers P1 and P2.
hitchhiker is the most frequently observed transposon
insertion in baculovirus mutants derived upon serial pas-
sage in the TN-368 cell line. This element exhibits abso-
lute specificity for one position in the 25K gene and is
inserted in only one orientation. The hitchhiker insertion
is dissimilar to other transposable elements identified
within the FP locus. The IFP2, IFP1.6, and TFP3 insertions
all duplicate the TTAA target site (4, 8, 11, 14 ), while the
hitchhiker element inserted at and duplicated a TTA tar-
get site. The terminal repeats of hitchhiker were longer
than those of the TTAA specific elements and terminated
in 5* G rather than 5* C. Based on these differences
we feel that hitchhiker is a member of a new family of
Lepidopteran transposons.
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